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Structure and dynamics of the inactive state of c-Src and c-Src3MΔC
To explore whether the 3MΔC mutations also have an impact on the inactive state, we performed additional simulations based on the crystal structure in the inactive conformation (PDB ID: 2SRC) 1 . Similar to the results obtained for the E310-K295 ion pair in the active state, we find that the E310-R409 ion pair breaks more easily in c-Src3MΔC in comparison to c-Src. Interestingly, however, while the A-loop retains a folded structure in the inactive conformation of c-Src3MΔC, the A-loop unfolds in c-Src, without opening of the E310-R409 ion pair ( Supplementary Fig. S6a ). The electrostatic interaction networks illustrate how the mutations affect the active site interactions (Supplementary Fig. S6b and S6c) . Similar to the simulations of the active state, we find that several residues stabilize the C-helix in c-Src, while the mutations in c-Src3MΔC perturb these interactions and result in a more flexible C-helix. The free-energy simulations of the inactive state further support the notion that the activation barrier for A-loop unfolding in c-Src is lower than in c-Src3MΔC ( Supplementary Fig. S7d ). Consistent with our MD simulations, we find that the dissociation of the E310-R409 ion pair in c-Src3MΔC has a free energy barrier of ca. 2 kcal mol -1 , while the same barrier is ca. 4 kcal mol -1 in c-Src ( Supplementary Fig. S7c ), indicating that the c-Src3MΔC may more easily undergo transitions between inactive and active states. The perturbations in the local protein dynamics of the inactive state lead to large conformational changes in the global protein dynamics, as suggested by a PCA of the MD trajectories ( Supplementary Fig. S8 ). However, opposite to the principle components in the active state, the wild type protein involves several contributing low-amplitude modes. The first principal component comprises a breathing-like motion that involves small dynamical changes in both the SH2 and kinase domain. In c-Src3MΔC, however, the first mode has a large amplitude of nearly 80% and results in large close-to-open transitions between the regulatory domain and the KD, in which the secondary structure remains nearly unchanged.
The rigid structure of the inactive c-Src may result from the phosphorylated Y527 in the C-terminal tail, which is missing in ΔC. The phosphorylated Y527 forms strong interactions with arginines R155 and R175 of the SH2 domain ( Supplementary Fig. S9 ), which has also been observed in previous MD simulations 2 . The proportion of folded structures in c-Src decreases by ca. 10% during the 1 µs MD trajectory, while the protein folds remains stable in c-Src3MΔC. This difference may result from the strong interactions between the regulatory and kinase domain that imposes strain on the protein.
Extended analysis on how mutations induce electrostatic perturbations in active site dynamics In order to quantify the difference in kinase dynamics induced by ATP-binding and phosphorylation in c-Src and in c-Src3MΔC, we analyzed the structure and electrostatic interactions of the central active site region (Supplementary Fig. S3 and Supplementary Table  S5 ). We find that the active site residues form an extended electrostatic network, which may be involved in triggering the c-Src activation process. The C-helix has a large dipole moment, with E305/E310 at one end and K315/K316/R318 at the other end of the helix. The dynamics of this helix can thus be perturbed by surrounding charged residues, which are involved in mediating long-range couplings 3 . We find that the root-mean-square fluctuation (RMSF) of the C-helix is reduced upon ATP-binding ( Supplementary Fig. S4 ), which may result from the attraction between the ATP:Mg 2+ complex and conserved charged residues that form a tight ion paired network. In the ATP-bound state, E97 undergoes a significant movement and forms an ion pair with R409, while breaking the interaction with K315. This structural re-arrangement is further likely to stabilize the C-helix. Upon phosphorylation of Y416, the strong ion pair between R409 and pY416 weakens the interaction between E310 and R409, which results in stabilization of the E310-K295 ion pair (Fig. 2b, main text) . This in turn destabilizes the C-helix, as indicated by the increase in the RMSF of this region ( Supplementary Fig. S4 ). In addition, pY416 strongly attracts arginines in the A-loop and its immediate surroundings, forming tight ion pairs, consistent with recent findings by Meng and Roux 4 . This further leads to a partial unfolding of the A-loop.
In c-Src3MΔC, the R95W and R318Q mutations break the electrostatic network in the active site and decrease the dipole moment of the C-helix ( Supplementary Fig. S3d and Supplementary Table S5) , which contributes to the destabilization of the C-helix. This in turn weakens the interaction between K295 and D404, which may further contribute to the flickering of the E310-K295 ion pair.
In contrast to c-Src, ATP-binding in c-Src3MΔC stabilizes the E310-K295 ion pair and the C-helix, which results from a partially recovered ion paired network between ATP and the surrounding charged residues in the active center ( Supplementary Fig. S3e ). The MD simulations further suggest that phosphorylation of Y416 in c-Src3MΔC recovers some of the electrostatic network observed in c-Src and partially compensates for the conformational perturbations caused by the mutations. Three arginines form tight ion pairs with pY416, which stabilizes the E305-R409 and D258-K315 interactions. Supplementary Figure S9 . Interactions between R155, R157 and pY527 connect the SH2 domain and the KD, and contribute to the rigid structure observed for the inactive state of c-Src. Supplementary Table S5 . Distances between ion pairs in the active site based on structures obtained after 1 µs MD simulations. The crystal structure (PDB ID: 1Y57) of the active state was also analyzed. The electrostatic network within this active site is perturbed due to the 3MΔC mutation, but ATP binding and pY416 recover to some extent the central interactions that stabilize the E310-K295 ion pair and the C-helix. 
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